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Dear Mr. Such,

I

Upon the May 18"', 2006 approval and direction of the PSWID board, Highland Water
Resources Consulting Inc. (HWRC) has completed its evaluation of the groundwater
resources potential at the "KZ" well site. The KG location was considered in light of the
local structural geology and both the deep regional and shallower perched groundwater
systems. The evaluation focused on the structural geology in the vicinity of the site via a
photo lineament analysis. Additionally, data presented in recent publicly available
reports of the SHDWID, PSWID, USGS, and ADWR were considered as well. The
ongoing Mogollon Study "MRWRMS" has produced a few draft documents of late and is
currently wrapping up. However, preliminary data of the MRWRMS available to the
public is also considered. The findings of the K2 investigation are presented in this live
page letter report.

KG WELL SITE LOCATION

T h e  K G  w e l l  s i t e  i s  l o c a t e d  i n  e a s t e r n  S t r a w b e r r y  a t  a n  o l d  w a t e r  d i s t r i b u t i o n  s i t e
c u r r e n t l y  o wn e d  b y  B r o o k e  U t i l i t i e s .  T h e  s i t e  i s  l o c a t e d  a t  a p p r o x i m a t e l y  N3 4  '  2 4 . 3 8 8
W l l l  `  2 9 . 7 1 2  a t  a  s u r f a c e  e l e v a t i o n  o f  a p p r o x i m a t e l y  5 , 8 6 8 f t .  A n  e x i s t i n g  o l d  s h a l l o w
produc t i on  we l l  a t  t he  s i t e  (55-616681)  i s  repor t ed l y  a  "d ry  ho le" .
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K2 WELL SITE EVALUATION .- GROUNDWATER RESGURCES POTENT§AL

Upon review of existing data and the completion of a lineament analysis of the site
HWRC is confident that the location is quite adequate for the drilling of a deep test
and or production well. Figure I below, displays the results of the lineament analyses.
Numerous structural features exist in the vicinity of the KG site and at other sites to the
north and northeast herein referred to as optional sites "KI" and "KG" for consistency.
The existence of such structural features indicate a higher probability for the presence of
secondary permeability (fractures) in the geology below. This situation would enhance
the groundwater production potential within the deep regional aquifer

FIGURE I - KG Area Lineament Analysis
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It is anticipated that the groundwater elevation of the deep regional system will be found
between 4,600lt. and 4,800i'c. (L2608..- 1, l00ft. depth to water) in the vicinity. If a well
is drilled in this area it is anticipated that the Redwall Fm. would be entirely to partially
saturated. However, the primary producing geology may be within the Martin Fm. thru
the Tapeats sandstone and into the Precambrian basement rocks at depths below
approvdrnately l,460ft.. These strata should be saturated in this area, in this respect,
drilling to a depth of approximately 2,0008. ought to be sufficient to determine the level
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of groundwater production encountered and penetrate a significant section of the deep
regional aquifer. It should be noted that the deeper the well is installed the higher the
groundwater elevation may rise due to the potentially semi-confined nature of the
Precambrian system in this region. Also notable is that the Redwall (where productive)
is producing an extremely time red sediment and that the Tapeats and Martin may be
producing sand. This situation can require more costly well construction via necessity for
filter pack and well screen or surface filtration in combination with a down~hole sand
separator. This issue also will add to the life cycle costs of the well and equipment. It is
currently unclear if the sediment concern is a localized issue or a regional characteristic
of the deep regional aquifer.

I

The upper l,000ft. of strata encountered in the subject area is anticipated to consist of the
Schnebly Hill and Supai formations and into the upper Naco Formation. Of
consideration is the groundwater that will be encountered in this sequence as "fringe" C-
Aquifer groundwater. Perched producing zones within this system occur within thin
saturated sandy lime layers and fracture systems. These small systems may be
interconnected w/o proper well construction resulting in vertical gradients in the well. in
consequence, it is recommended that any wells installed in the Strawberry area deeper
than 400ft. be constructed to utilize these aquifers discretely. HWRC believes that there
is a lowermost unit of this upper system not currently utilized in the Strawberry area, as it
would likely be encountered between 700ft. and l,000ft.. The potential yield of this lower
perched aquifer unit is unknown. Therefore, upon encountering this zone it is
recommended that the yield of this unit be quantified and isotope and chemistry samples
be collected prior to casing and grouting it off tram the deep regional aquifer and perched
units above. The potential exists that sufficient groundwater production could be
encountered from this lower unit such that drilling need not necessarily continue. If this
situation were to occur, proper well construction and provisions for the potential future
deepening of the well could be made.

RELATIONSHIP TO FOSSIL SPRINGS and THE DEEP REGIONAL AQUIFER

I

Fossil Springs exist approximately five miles to the west-northwest of the K2 area. This
fact should be considered in light of the reality of water rights and environmental
concerns relating to any significant (200gpm plus) wells constructed in the deep regional
aquifer in the Strawberry area. This too should be considered as part of the risk of
investing public funds into such a project. HWRC currently believes that the subject KG
area may not be within that portion of the deep regional groundwater flow system
supporting Fossil Springs. However, the exact location of the springs "capture" area is
not clearly defined and the complexities of fractured groundwater flow occurring in the
deep regional system may never be completely understood. Other than for monitoring
purposes, the installation of deep regional groundwater wells much further to the west of
the KG area is not recommended. HWRC believes that sufficient data currently exists
indicating that deep regional groundwater wells installed to the east, in Pine, would not
produce groundwater that otherwise would have discharged at Fossil Springs. As such,
deep regional groundwater wells installed in Pine are less likely to be the subject of
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potential future litigation regarding water rights or environmental issues surrounding
Fossil Springs. Another benefit to the drilling of deep regional groundwater wells in
Pine rather than in Strawberry is the cost savings that would surely be observed due to
shallower well construction requirements in the Pine area.

SUMMARY AND RECOMMENDATIONS

HWRC recommends site K1 as the optimum drilling site in the K2 area. However,
HWRC is confident that each of the sites in the KG area provides adequate opportunity
for deep and perched groundwater production. Additionally, opportunity tor new
groundwater production from a currently unutilized lower perched aquifer is a potential at
each site. This affords an option in the completion of a potentially shallower well if
sufficient production is encountered within or above the Nico Fm. (above approximately
l,000ft. in depth).

E
t

i
I

A caution should be taken when considering the drilling of deep regional aquifer wells in
the Strawberry area as water rights and environmental concerns may arise if significant
production capacity is committed. With this in mind, many opportunities currently exist
in the Pine area for development of the deep regional aquifer at a significantly lower cost
and risk than in Strawberry. This is due to the fact that wells in Pine need be installed to
depths typically less than 1,500ft. to fully penetrate the deep regional system vs. greater
than 2,000ft. in Strawberry, So too, deep wells in Pine are further from Fossil Springs
and existing data clearly indicate such wells would not capture groundwater that would
otherwise have discharged at the springs. The KG area may not capture groundwater that
would otherwise discharge at Fossil Springs, but this cannot currently be contirrned.
Additionally, current events in the Pine area surrounding the development of the deep
regional aquifer point to oppoMinities for partnerships with other water improvement
districts and private entities that currently have wells in place and/or have tentative plans
to drill.

In light of all the findings above, HWRC recommends that the K2 site be drilled once the
following lower risk opportunities are explored where the water is needed:

> Conduct a hydrogeological investigation to identify at least three optimum deep
regional aquifer drilling sites in the Pine area. Such an investigation should
include recommendations as to the most efficient and cost saving well drilling
methods as well as site specific yet practical well design criteria. Ideally, at least
one of the sites may be drilled and tested in 2006.

> Explore and define the opportunities for partnerships with other local Domestic
Water Improvement Districts and/or private entities which may currently be in
possession of deep regional groundwater supplies or that may be considering the
drilling of a deep regional groundwater well in Pine.

I
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> Explore and define the oppommities for partnerships with Federal and/or County
governments,

Explore and define the opportunities for any combination of the partnerships
above.

> Prioritize the resulting opportunities.

> Investigate the legality of any such potential arrangements and define a legal path
to successful delivery of the new long~tcrm water source to the community of
Pine in the most feasible manor possible.

i
I

HWRC does not wish to diminish the opportunities presented by the KG area as it appears
to be a good location. Rather, I-IWRC wishes to recommend consideration of the K2 site
alongside other existing opportunities. The KG area may best serve as an augmentation
supply for the Strawberry area as apposed to a new source for Pine. In this way, the
costs born by Pine's water customers for the distribution of the water from great depths
and over the distance from Strawberry to Pine may be avoided. In addition, such a
scenario would ensure that existing resources available to the Strawberry area are
preserved. Ideally groundwater from the lowermost perched aquifer may be identified at
the K2 site in sufficient quantities. If this zone were slated for future reserve
development in Strawberry as apposed to the deeper system in Strawberry, potential
water rights and environmental questions may be averted while providing for the
utilization of the KG area at some time in the near future.

l

Respectfully Submitted,

Michael Ploughs P.G.
HWRC
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